Data are from Kantar WorldPanel Chile (<http://www.kantarworldpanel.com/cl>). The authors are not legally permitted to share the data used for this study, but interested parties may contact Kantar WorldPanel representative Maria Paz Roman to inquire about accessing this proprietary data (<mariapaz.roman@kantarworldpanel.com>). No accession number is needed when requesting data.

Introduction {#sec007}
============

In recent decades, consumption of sugar-sweetened beverages (SSBs) has rapidly increased across the globe \[[@pmed.1003015.ref001],[@pmed.1003015.ref002]\]. Excess intake of these beverages has been linked to increased weight gain, glucose dysregulation, and development of noncommunicable diseases such as type 2 diabetes \[[@pmed.1003015.ref003]--[@pmed.1003015.ref007]\]. Compared to foods, SSBs are uniquely harmful because they contain large amounts of calories, which can be rapidly absorbed and are less satiating, leading to inadequate caloric compensation at other eating occasions and contributing to overall positive energy balance \[[@pmed.1003015.ref008]\]. Around the world, public policies are an important and increasingly common strategy being used to reduce consumption of these beverages and prevent continued increases in obesity and related diseases \[[@pmed.1003015.ref009]--[@pmed.1003015.ref012]\]. Recently, fiscal policies such as taxes on SSBs have been the predominant approach for reducing intake \[[@pmed.1003015.ref011]\]. Over 42 countries and six United States cities have implemented SSB taxes or increased an existing SSB tax, with most of these implemented in the last decade \[[@pmed.1003015.ref013]\]. Although impact on SSB purchases depends on tax design and rates, these policies have generally led to reductions in SSB purchases equivalent to the price increase on SSBs \[[@pmed.1003015.ref014]--[@pmed.1003015.ref018]\]. Evidence also suggests that SSB taxes affect low-income groups and high-SSB consumers the most \[[@pmed.1003015.ref016],[@pmed.1003015.ref017],[@pmed.1003015.ref019]\].

Additional policy strategies to reduce SSB consumption include mandatory front-of-package (FOP) warning labels, governmental restrictions on marketing SSBs, and bans on SSB sales and promotion in schools \[[@pmed.1003015.ref020]\]. In particular, FOP warning labels have become the focus of many health scholars and advocates, gaining favor over the heretofore more common positive FOP labels (e.g., a health seal or stamp) and other voluntary FOP systems such as traffic-light labels \[[@pmed.1003015.ref021]--[@pmed.1003015.ref026]\]. Despite global momentum behind FOP warning-label policies, virtually no evidence exists yet on changes in SSB purchases following implementation of a warning-label policy \[[@pmed.1003015.ref027]\]. Similarly, little is known about the effects of national school sales bans or mandatory restrictions on unhealthy food marketing to children and subsequent changes in food and beverage purchases \[[@pmed.1003015.ref028]\]. Finally, despite calls for implementation of more comprehensive "packages" of obesity prevention policies \[[@pmed.1003015.ref010]\], the joint impact of a set of policies on SSB purchases is unclear, as most national-level food and beverage policies been implemented one at a time.

Chile, a high-income country with high levels of SSB intake \[[@pmed.1003015.ref001],[@pmed.1003015.ref029]\], has implemented a uniquely comprehensive set of obesity prevention policies regulating how SSBs and other energy-dense, nonessential foods are packaged, marketed, and sold. The first of these regulations, implemented October 2014, increased Chile's existing tax on SSBs from 13% to 18% for high-sugar beverages and decreased the tax from 13% to 10% for low-sugar beverages. One evaluation found that in the first year postimplementation, this modification resulted in only small price increases and 3.4% declines in SSB purchases \[[@pmed.1003015.ref030]\]. In June 2016, Chile implemented the Law of Food Labeling and Advertising, which included the first national system of mandatory FOP warning labels for SSBs and energy-dense, nonessential foods \[[@pmed.1003015.ref031]\]. Similar warning-label policies have since been adopted in Peru, Uruguay, and Israel in 2018, and policies are currently under public review/potential finalization phases in Brazil and Mexico, among others. Chile's Law of Food Labeling and Advertising also exacts comprehensive restrictions on child-directed marketing of SSBs and nonessential, energy-dense foods to children under 14 years of age, as well as restrictions on the promotion and sales of these products in schools \[[@pmed.1003015.ref031]\]. Chile's marketing regulation, in particular, is more comprehensive than other countries' in that it restricts unhealthy food marketing on more products across a wider range of media, and it prohibits use of more marketing techniques \[[@pmed.1003015.ref028]\]. Understanding how Chile's policies on labeling and marketing---and, to a lesser extent, the school sales ban---are linked to changes in household purchases is critical for developing evidence-based obesity prevention policies across the globe.

It is also important to understand whether these policies had a differential effect by socioeconomic status (SES) to ensure that such policies do not inadvertently increase SES-related diet disparities, especially in regions such as Latin America, where the burden of obesity is shifting to lower-SES individuals and households \[[@pmed.1003015.ref032]--[@pmed.1003015.ref034]\]. Education is a particularly important measure of SES when evaluating labeling policies, as education may influence purchasing decisions by affecting how well an individual is able to understand the information communicated in nutrition education messages or on food labels \[[@pmed.1003015.ref035]--[@pmed.1003015.ref037]\]. Education is also correlated with higher financial and nonfinancial resources \[[@pmed.1003015.ref038]\], which can likewise influence food choices. Moreover, it is currently unclear whether low- versus high-educated households would have differential responses to other policies, such as marketing restrictions or school sales bans on high-in beverages. Thus, it is important to examine whether low- versus high-educated households show greater changes in beverage purchases after Chile's labeling regulation was implemented.

This study's objective is to use longitudinal data on household beverage purchases made in stores to examine changes in the volume, calorie content, and sugar content of beverage purchases following implementation of the Chilean labeling and marketing regulation, overall and by household educational attainment.

Methods {#sec008}
=======

This study was reviewed and approved by the University of Chile Institutional Review Board (IRB) and is exempt from review by the University of North Carolina, Chapel Hill IRB as the study uses secondary, de-identified data. This study and protocol were registered with the Open Science \[[@pmed.1003015.ref039]\] and protocols.io \[[@pmed.1003015.ref040]\].

Participants {#sec009}
------------

This study uses data on household beverage purchases from January 1, 2015, to December 31, 2017, from the Kantar WorldPanel Chile. The response rate for participation in Kantar WorldPanel Chile is 95%. Households are excluded from participation if any member is engaged in activities determined to have potential to interfere with the collection of information about the products studied (e.g., a household member works at an advertising agency, market research company, or written or spoken media company or is owner of a company that markets a product studied). Households are also excluded if they do not meet minimum purchasing standards (e.g., purchase at least one of item from one of the 15 categories from the "basic basket" of goods).

Data include household purchases of consumer packaged goods from a panel of 2,000 households located in cities with \>20,000 inhabitants, representative of Chile's urban population \[[@pmed.1003015.ref041]\]. With replacement, our analytic sample had 2,383 unique households, with an average follow-up of 29.2 months, providing 69,696 household-month observations. Enumerators visited households weekly to collect data on food and beverage purchases. Information on each purchase was collected either by scanning product barcodes using a handheld barcode scanner or by using a codebook to assign barcodes for bulk products or other products without barcodes. Interviewers also reviewed weekly receipts, conducted household pantry inventories, and checked empty product packages stored in a bin between interviews to ensure products were not double-counted. Data collected on each purchase included volume or weight, bar code, price per unit, retail channel, brand, package size, and date of purchase. Data were analyzed at the household-monthly level.

The Chilean regulation {#sec010}
----------------------

Details of the Chilean Law of Food Labeling and Advertising have been published previously \[[@pmed.1003015.ref031]\]. This regulation was designed to be implemented in three phases with increasingly stringent nutrient thresholds ([S1 Table](#pmed.1003015.s001){ref-type="supplementary-material"}). The first phase of implementation began in late June 2016. Products subject to the regulation were required to carry FOP warning labels, faced child-directed marketing restrictions, and were banned from sales and promotion in schools and nurseries. Briefly, the FOP warning labels consist of a black octagon with white borders placed on the front of the food or beverage package, including the words "alto en..." ("high in...") calories, sugars, saturated fats, or sodium ([S1 Fig](#pmed.1003015.s010){ref-type="supplementary-material"}). The marketing restriction includes a ban on the use of child-directed marketing techniques in any communication channel and the advertisement of these products on children's television programs and websites (i.e., programs and websites with \>20% of the audience \<14 years of age). The school restriction prohibits sales of high-in products on school grounds; high-in products also cannot be offered as part of the school feeding program.

Nutrition facts panel data and categorization by regulation status {#sec011}
------------------------------------------------------------------

A visual depiction of the Chilean regulation timeline overlaid with the timing of study data collection can be seen in [S2 Fig](#pmed.1003015.s011){ref-type="supplementary-material"}.

We obtained nutrition facts panel (NFP) data from product photographs collected by a team of Chilean nutrition research assistants in stores during the first quarters of 2015, 2016, and 2017 \[[@pmed.1003015.ref042]\]. We then linked NFP data at the product level to household beverage purchases using a similar process as described in previous household purchase evaluations \[[@pmed.1003015.ref043],[@pmed.1003015.ref044]\]. For the preregulation period, we linked purchases to NFP data collected in 2015 and 2016 (i.e., data reflecting the nutritional profiles of products available prior to the regulation). For the postregulation period, we linked purchases to NFP data collected in 2017. If there was no direct 2017 link, we linked the product to the 2015--2016 NFP data. Linkages were based on barcode, brand name, and product description. Of total beverage purchases, 95.6% were linked to collected NFP data. If no collected NFP data were available for a purchased product, it was linked to Mintel Latin America (4.4%) or other NFP data resources (\<0.1%).

After linking the data, a team of Spanish-speaking nutritionist research assistants at the University of North Carolina and the University of Chile categorized each beverage purchase as to whether it should be subject to regulation according to the first-phase nutrient profile model established by the Chilean regulation ([S1 Table](#pmed.1003015.s001){ref-type="supplementary-material"}). Beverages were categorized as "high-in" (and thus subject to regulation) if they contained added sugar, added sodium, or added saturated fat and exceeded the nutrient thresholds set in the first phase of implementation (i.e., \>100 calories, \>100 mg sodium, \>6 g sugar, or 3 g saturated fat per 100 mL of product in its as-consumed form). These "high-in" beverages would be required to carry an FOP warning label and be subject to the regulation's marketing and school sales restrictions. Beverages were considered "not high-in" if they did not meet these nutritional criteria. Most beverages that were categorized as high-in were classified as such because they contained added sugar and their total sugar content exceeded 6 g/100 mL. We also classified beverages into subgroups, including sodas, fruit drinks, dairy products, waters, coffees and teas, 100% fruit and vegetable juices, and sports and energy drinks ([S2 Table](#pmed.1003015.s002){ref-type="supplementary-material"}).

Beverage purchases were considered to have occurred in the preregulation period if they were purchased between January 2015 and June of 2016 and in the postregulation period if they were purchased between July 2016 and December 2017.

Outcomes {#sec012}
--------

The main outcomes were average per capita daily volume (mL), calories (kcal), and sugars (g) purchased from high-in, not-high-in, and total beverages. As described below, for each outcome we compared the observed adjusted mean postregulation purchase amount to a counterfactual, or what we estimate would have been observed in the postregulation period based on preregulation trends predicted into the postregulation period. This approach is similar to that used in previous SSB policy evaluations \[[@pmed.1003015.ref016],[@pmed.1003015.ref030]\].

Covariates {#sec013}
----------

Main covariates included household education level (self-reported by head of household and categorized as low \[less than high school\], middle \[completed high school\], or high \[completed college or higher\]); age of head of the household; an assets index (created using factor analysis based on number of household rooms, bathrooms, and vehicles owned---specified as a continuous variable for main analyses, and a 3-level categorical variable based for sensitivity analyses on household assets); household composition (specified as a set of discrete variables, each with the number of people in the following age categories: children 0--1 years, children 2--5 years, children 6--13 years, males 14--18 years, females 14--18 years, female adults over 18 years, and male adults over 18 years); and month dummies to adjust for seasonality. Because trends in economic activity could influence beverage purchases, we also controlled for monthly, region-level unemployment rates \[[@pmed.1003015.ref045]\].

Statistical analyses {#sec014}
--------------------

All analyses were conducted using Stata 14 (College Station, TX, USA). The prespecified analysis plan was published on November 6, 2018, in the Open Science Framework (<https://osf.io/fuh63/>).

Unadjusted analyses: Descriptive statistics {#sec015}
-------------------------------------------

First, we examined sociodemographic characteristics of the households participating in Kantar WorldPanel Chile each year. We examined unadjusted proportions of households that purchased high-in and not-high-in beverages in a given month (i.e., purchases \> 0 mL), before and after implementation of the regulations. We also examined pre- and postregulation mean unadjusted volume, calories, and sugar purchased from high-in and not-high-in beverage purchases, overall and by beverage subgroup.

Adjusted analyses: Fixed-effects models {#sec016}
---------------------------------------

Because the Chilean regulations were implemented nationally, all members of the population were exposed to the policy at the same time, precluding a randomized controlled experimental design. Thus, we used a pre-post quasi-experimental modeling approach to examine changes in the average household beverage purchases that occurred before and after policy implementation. Similar to previous evaluations \[[@pmed.1003015.ref016],[@pmed.1003015.ref030],[@pmed.1003015.ref046],[@pmed.1003015.ref047]\], and following the methods of interrupted time series analyses \[[@pmed.1003015.ref048]\], we constructed a counterfactual by including in the model an interaction between a count variable for time and a binary variable for regulation period (pre versus post). This counterfactual represents the average predicted household beverage purchases in the postregulation period based on preregulation trends projected into the postregulation period (i.e., what was expected without a regulation implemented in 2016).

To determine the time period to be used for the pre-post comparisons, we ran models using 10- to 18-month windows before and after the regulation, with different ways to account for time and seasonality (i.e., month as an indicator variable or continuous variable, quarterly indicator variables for seasonality). Models with less than 13 months were sensitive to how seasonality was specified, although all models had similar results when using month as a continuous variable. Because the 18-month window was less sensitive to seasonal specifications and allowed for a longer preregulation period in which to estimate postregulation trends, we selected the 18-month window for our main model ([S3 Table](#pmed.1003015.s003){ref-type="supplementary-material"}). Thus, in our final model, the pre-period was specified as January 1, 2015, to June 30, 2016, and the postregulation period was specified as July 1, 2016, to December 31, 2017.

For each outcome (volume, calories, and sugar per capita per day), we calculated the average absolute and relative differences between the observed trend and the counterfactual in the postregulation period based on predicted values from the model. For each primary outcome, we report 95% confidence intervals (CIs) \[[@pmed.1003015.ref049]\]. For main results, we also calculated *p*-values based on *t* tests between the observed absolute values and the predicted absolute values from each model in the postregulation period. We used fixed-effects models to account for non-time-varying unobserved household characteristics (e.g., preferences for beverages) and controlled for the aforementioned time-varying household characteristics and contextual covariates. For high-in beverages that had \>10% of nonpurchases in a given month, we used two-part models to account for the higher frequency of zero purchases \[[@pmed.1003015.ref050]\]. Two-part models were not necessary for not-high-in and total beverages because these beverages were purchased by more than 90% of the households. For all models, we specified robust standard errors to account for intrahousehold correlation (i.e., to account for repeated measures of households over time).

Because of the skewed distribution of beverage purchases, we used the logarithm of beverage purchases as outcomes for models. Then, to allow for interpretability, we back-transformed logged outcomes into milliliters (mL), calories (kcal), or grams (g) by applying Duan smearing factors that account for the nonnormal distribution of the error term \[[@pmed.1003015.ref051]\].

Finally, we conducted stratified analyses by household education level. To test for differences in education on changes in purchases of high-in beverages after the regulation was implemented, we ran a fully interacted model including interactions of all variables in the model with education. We then used an F-test to determine whether the triple interaction of education (specified as dummies), the regulation time period (a dummy variable for pre/post), and time (continuous) was statistically significant (e.g., the interaction of postregulation × month/year × education level).

Sensitivity analyses {#sec017}
--------------------

We first conducted sensitivity analyses to determine whether results differed using different model specifications (e.g., not logged) or modeling techniques (e.g., generalized estimating equation with a log link).

Second, we conducted sensitivity analyses which included price as a covariate in the models. Because the objective of this paper was to understand changes in household beverage purchases before and after implementation of the law, regardless of mechanism (i.e., changes in industry behavior or consumer behavior), we did not include price changes in our main models. However, considering that prices may have changed over time, we conducted a sensitivity analysis controlling for changes in prices to understand whether their inclusion altered results. We derived unit values (prices) by dividing household expenditures over quantity purchased. To reduce measurement error at the household level and because unit values are not weighted, we aggregated them at the month/year/region level and included this variable in the model.

Third, in the main analyses, household beverage purchases made after the policy implementation (July 1, 2016) were preferentially linked to NFP data collected in the postregulation period (first quarter of 2017). However, 2017 NFP data were collected 6 months after implementation, and it is not clear when postregulation product reformulations might have occurred (i.e., whether reformulations occurred closer to the July 2016 implementation date or closer to NFP data collection in January--March 2017). Thus, we conducted additional analyses in which we linked purchase data from the 6-month period immediately following implementation of the regulation but prior to NFP data collection (i.e., July 1, 2016--December 31, 2016) to the preperiod NFP data, in order to understand differences in purchases if reformulations were not incorporated during this period.

Fourth, Chile modified its soda tax from 13% to 18% for industrialized beverages containing \>6.25 g sugar/100 mL and from 13% to 10% for industrialized beverages containing \<6.25 g sugar/100 mL in October of 2014. Although our previous evaluation of this tax found only small reductions (3.4%) in purchases of high-taxed beverages in the first year, we conducted a sensitivity analysis in which we shifted the preregulation period from January 1, 2015--June 30, 2016 to January 1, 2014--June 30, 2016 to account for any potential changes in beverage purchases in the preregulation period due to the tax modification. These models also included a tax-period indicator variable (tax period = 0 for January 1, 2014--September 30, 2014; tax period = 1 for October 1, 2014, onwards).

Finally, SES is a complex measure that is often represented by a number of variables, including education, income, assets, or others \[[@pmed.1003015.ref052],[@pmed.1003015.ref053]\]. Whereas our main analyses use education as a proxy for SES, we also conducted stratified models by tertiles of the household assets index to understand whether there were any differences depending on how we measured SES.

Results {#sec018}
=======

Unadjusted results {#sec019}
------------------

[Table 1](#pmed.1003015.t001){ref-type="table"} provides sociodemographic characteristics of the sample. From 2015 to 2017, the percent of households with low education (less than high school) decreased, whereas the percent of households with middle education (high school degree) or high education (college degree) increased. The unadjusted purchase volume of high-in, not-high-in, and total beverages was declining prior to and after the regulation ([S3 Fig](#pmed.1003015.s012){ref-type="supplementary-material"}).

10.1371/journal.pmed.1003015.t001

###### Weighted household characteristics in the Kantar WorldPanel Chile analytical sample, 2015 to 2017.

![](pmed.1003015.t001){#pmed.1003015.t001g}

  Characteristics                                                    2015          2016          2017
  ------------------------------------------------------------------ ------------- ------------- -------------
  No. unique households                                              2,099         2,077         2,100
  Household-months of observations                                   23,401        23,456        22,839
  Head-of-household education (%)                                                                
   \<High school                                                     36.8          32.2          30.8
   High school                                                       39.9          42.7          42.5
   College or greater                                                23.4          25.2          26.7
  Household assets index[^1^](#t001fn001){ref-type="table-fn"} (%)                               
   Low                                                               34.7          36.2          30.8
   Middle                                                            31.9          30.2          35.2
   High                                                              33.4          33.6          34.0
  Household composition, by sex and age (mean ± SE)                                              
   Children 0--1 year                                                0.1 ± 0.01    0.1± 0.01     0.0 ± 0.00
   Children 2--5 years                                               0.4 ± 0.01    0.4 ± 0.01    0.4 ± 0.01
   Children 6--13 years                                              0.6 ± 0.02    0.6 ± 0.02    0.6 ± 0.02
   Any child \<14 years                                              1.1 ± 0.02    1.1 ± 0.02    1.1 ± 0.02
   Males 14--18 years                                                0.2 ± 0.01    0.2 ± 0.01    0.2 ± 0.01
   Females 14--18 years                                              0.2 ± 0.01    0.2 ± 0.01    0.2 ± 0.01
   Men                                                               1.2 ± 0.02    1.2 ± 0.02    1.3 ± 0.02
   Women                                                             1.5 ± 0.02    1.5 ± 0.02    1.6 ± 0.02
  Region (%)                                                                                     
   Santiago                                                          47.9          47.9          48.0
   North                                                             12.7          12.7          12.7
   Valparaiso                                                        11.9          11.9          11.9
   Central South                                                     8.6           8.6           8.6
   Bio-Bio                                                           10.5          10.4          10.3
   South                                                             8.5           8.5           8.6
  Monthly regional unemployment rate (mean ± SE)                     6.3 ± 0.00    6.1 ± 0.00    6.5 ± 0.00
  Volume beverage purchases (mL/capita/day; mean ± SE)                                           
   High-in beverages                                                 127.8 ± 1.9   103.7 ± 1.8   83.5 ± 1.8
   Not-high-in beverages                                             291.4 ± 1.0   285.2 ± 0.8   286.6 ± 0.8

^1^Low, middle, and high household assets correspond to categories based on tertiles of the household assets index.

Comparing the preregulation period to the postregulation period, the percent of households who purchased high-in beverages in a given month declined 10.5 percentage points (95% CI −11.4 to −9.6; *p* \< 0.001), from 92.9% in the preregulation period to 82.6% in the postregulation period ([S4 Table](#pmed.1003015.s004){ref-type="supplementary-material"}). The largest declines in percent consumers were observed for high-in fruit drinks (−42.9 percentage points, 95% CI −44.2 to −41.7; *p* \< 0.001) and high-in dairy drinks (−28.8 percentage points, 95% CI −30.2 to −27.4; *p* \< 0.001). The unadjusted mean amount of high-in beverages purchased declined by 35.4 mL/capita/day from the preregulation period to the postregulation period (95% CI −39.8 to −30.9; *p* \< 0.001), with the largest declines observed among soda (−14.8 mL/capita/day, 95% CI −18.8 to −10.8; *p* \< 0.001) and fruit drinks (−14.5 mL/capita/day, 95% CI −15.6 to −13.4; *p* \< 0.001) ([S5 Table](#pmed.1003015.s005){ref-type="supplementary-material"}). The percent consumers of not-high-in beverages increased by 1.0 percentage point (95% CI 0.7--1.4; *p* \< 0.001) from 96.6% to 97.6%, with the largest increases occurring among fruit drinks (35.4 percentage points, 95% CI 34.2--36.7; *p* \< 0.001). Similarly, the largest increase in purchase volume was observed for not-high-in fruit drinks (15.0 mL/capita/day, 95% CI 14.1--16.0; *p* \< 0.001). We were unable to examine unadjusted changes in some beverage subgroups because of very low purchase levels before and after the regulation, including 100% fruit and vegetable juice, sports and energy drinks, and high-in coffees.

Adjusted results {#sec020}
----------------

Coefficients from the main regression models are given in [S6 Table](#pmed.1003015.s006){ref-type="supplementary-material"}.

Compared to the counterfactual, adjusted mean volume of high-in beverage purchases decreased by 22.8 mL/capita/day (95% CI −22.9 to −22.7; *p* \< 0.001) in the postregulation period, or 23.7% (95% CI −23.8% to −23.7%) ([Fig 1](#pmed.1003015.g001){ref-type="fig"}).

![Relative and absolute changes in purchases of high-in beverages, by education level of household head.\
Estimates were derived from fixed-effects models comparing observed postregulation volume of purchases to counterfactual postregulation volume of purchases based on preregulation trends. Purchase data were provided by Kantar WorldPanel Chile. High-in beverages were those subject to the Chilean Law of Food Labeling and Advertising because they contained added sugars, saturated fats, or salt and exceeded nutrient or energy thresholds; not-high-in beverages did not exceed nutrient thresholds and were not subject to the regulation. \**p* \< 0.001 for the difference between observed mean absolute values and counterfactual mean absolute values in the postregulation period.](pmed.1003015.g001){#pmed.1003015.g001}

Stratified models found that high-educated households and low-educated households showed similar absolute reductions in high-in beverage purchases (approximately 27 mL/capita/day, *p* \< 0.001 for both comparisons), although for high-educated households this reflected a larger relative decline (−28.7%, 95% CI −28.8% to −28.6%) than for low-educated households (−21.5%, 95% CI −21.6% to −21.4%). Middle-educated households had the lowest reductions in high-in beverage purchases in both absolute and relative terms. In the fully interacted model with low-educated households as the referent group ([S7 Table](#pmed.1003015.s007){ref-type="supplementary-material"}), the interaction between education, regulation period, and time was statistically significant (*p* \< 0.001) for the high-educated households but not for the middle-educated households.

Compared to the counterfactual, the adjusted mean volume of not-high-in beverage purchases increased 14.6 mL/capita/day (95% CI 14.6--14.7; *p* \< 0.001) or 4.8% (95% CI 4.8%--4.8%) in the postregulation period ([Fig 2](#pmed.1003015.g002){ref-type="fig"}). Middle-educated households had the greatest absolute and relative increases in not-high-in beverage purchases, with an increase of 21.1 mL/capita/day (95% CI 20.1--21.2; *p* \< 0.001) or 7.2% (95% CI 7.2%--7.3%). High-educated households had the smallest increase in not-high-in beverage purchases, both in absolute (9.0 mL/capita/day, 95% CI 8.9--9.1; *p* \< 0.001) and in relative terms (2.5%, 95% CI 2.4%--2.5%). Low-educated households increased not-high-in beverage purchases by 11.6 mL/capita/day (95% CI 11.6--11.7; *p* \< 0.001) or 4.2% (95% CI 4.2%--4.2%).

![Relative and absolute changes in purchases of not-high-in beverages, by education level of household head.\
Estimates were derived from fixed-effects models comparing observed postregulation volume of purchases to counterfactual postregulation volume of purchases based on preregulation trends. Purchase data provided by Kantar WorldPanel Chile. Not-high-in beverages were not subject to the Chilean Law of Food Labeling and Advertising because they either did not contain added sugars, saturated fats, or salt or they did contain one or more of those added ingredients but did not exceed nutrient or energy thresholds. \**p* \< 0.001 for the difference between observed mean absolute values and counterfactual mean absolute values in the postregulation period.](pmed.1003015.g002){#pmed.1003015.g002}

[Table 2](#pmed.1003015.t002){ref-type="table"} provides estimated changes in beverage calories and sugar purchased relative to respective counterfactuals for high-in, not-high-in, and total beverages. Calories purchased from high-in beverages decreased by 11.9 kcal/capita/day (95% CI −12.0 to −11.9; *p* \< 0.001) or 27.5% (95% CI −27.6% to −27.5%), and sugar purchased from high-in beverages declined by 2.7 g/capita/day (95% CI −2.7 to −2.7; *p* \< 0.001) or 25.1% (95% CI −25.1% to −25.0%). In contrast, calories purchased from not-high-in beverages increased 5.7 kcal/capita/day (95% CI 5.7--5.7; *p* \< 0.001) or 10.8% (95% CI 10.8%--10.8%), and sugar purchased from not-high-in beverages increased 0.7 g/capita/day (95% CI 0.7--0.7; *p* \< 0.001) or 10.2% (95% CI 10.2%--10.2%). Calories purchased from total beverages declined 7.4 kcal/capita/day (95% CI −7.4 to −7.3) or 7.5% (95% CI −7.6% to −7.5%), and sugar purchased from total beverages declined 1.7 g/capita/day (95% CI −1.7 to −1.6) or 10.0% (95% CI −10.1% to −10.0%).

10.1371/journal.pmed.1003015.t002

###### Estimates of average absolute and relative differences in postregulation beverage purchases,[^1^](#t002fn001){ref-type="table-fn"} comparing observed to counterfactual purchases.

![](pmed.1003015.t002){#pmed.1003015.t002g}

                                                          Volume                                       Calories           Sugar                                                                                                     
  ------------------------------------------------------- -------------------------------------------- ------------------ -------------------------------------------- ---------------- ------------------------------------------- -------
  **High-in**[^2^](#t002fn002){ref-type="table-fn"}       −22.8[\*](#t002fn004){ref-type="table-fn"}   −23.7%             −11.9[\*](#t002fn004){ref-type="table-fn"}   −27.5%           −2.7[\*](#t002fn004){ref-type="table-fn"}   −25.1
  (−22.9 to −22.7)                                        (−23.8 to −23.7)                             (−12.0 to −11.9)   (−27.6 to −27.5)                             (−2.7 to −2.7)   (−25.1 to −25.0)                            
  **Not-high-in**[^3^](#t002fn003){ref-type="table-fn"}   14.6\*                                       4.8%               5.7[\*](#t002fn004){ref-type="table-fn"}     10.8%            0.7[\*](#t002fn004){ref-type="table-fn"}    10.2
  (14.6--14.7)                                            (4.8--4.8)                                   (5.7--5.7)         (10.8--10.8)                                 (0.7--0.7)       (10.2--10.2)                                
  **Total**                                               −8.8[\*](#t002fn004){ref-type="table-fn"}    −2.2%              −7.4[\*](#t002fn004){ref-type="table-fn"}    −7.5%            −1.7[\*](#t002fn004){ref-type="table-fn"}   −10.0
  (−8.8 to −8.8)                                          (−2.2 to −2.2)                               (−7.4 to −7.3)     (−7.6 to −7.5)                               (−1.7 to −1.6)   (−10.1 to −10.0)                            

^1^Purchase data provided by Kantar WorldPanel Chile.

^2^High-in beverages are those subject to the Chilean Law of Labeling and Advertising because they contain added sugars, saturated fats, or salt and exceed nutrient or energy thresholds.

^3^Not-high-in beverages are not subject to the Chilean Law of Labeling and Advertising because they either do not contain added sugars, saturated fats, or salt or they do contain one or more of those added ingredients but do not exceed nutrient or energy thresholds.

\**p* \< 0.001 for the difference between observed mean values and counterfactual mean values in the postregulation period.

Comparison to other SSB policies {#sec021}
--------------------------------

[Fig 3](#pmed.1003015.g003){ref-type="fig"} compares estimated relative and absolute changes in high-in beverage purchases from this evaluation of Chile's Law of Food Labeling and Advertising with findings on the same outcome from previous evaluations of Chile's 5% SSB tax increase \[[@pmed.1003015.ref030]\] and Mexico's 10% SSB tax (1 year \[[@pmed.1003015.ref016]\] and 2 years \[[@pmed.1003015.ref017]\] postimplementation). Relative to their respective counterfactuals, we found larger absolute and relative declines in the volume of high-in beverage purchases under the Chile's Law of Food Labeling and Advertising.

![Relative and absolute changes in purchases of high-in beverages under Chilean and Mexican laws.\
Estimates were derived from models comparing observed postregulation volume of purchases to counterfactual postregulation volume of purchases based on preregulation trends. Purchase data provided were by Kantar WorldPanel Chile. High-in beverages were those subject to the Chilean Law of Food Labeling and Advertising because they contained added sugars, saturated fats, or salt and exceeding nutrient or energy thresholds. The Law of Food Labeling and Advertising included mandatory front-of-package warning labels, restrictions on marketing to children, and a ban on sales in schools on all products who met these criteria. ^4^Increase from 13% to 18% tax on high-sugar beverages. \**p* \< 0.001 for the difference between observed mean absolute values and counterfactual mean absolute values in the postregulation period. SSB, sugar-sweetened beverage.](pmed.1003015.g003){#pmed.1003015.g003}

Sensitivity analyses {#sec022}
--------------------

[S8 Table](#pmed.1003015.s008){ref-type="supplementary-material"} presents results from two additional model specifications to test the robustness of our findings: fixed-effects models without using Duan smearing factors (exponentiating the predicted values to back-transform logarithm into volume purchased) and generalized estimating equations for panel data with log link function. Both specifications produced greater absolute and relative reductions in high-in beverage purchases compared to our main model. For not-high-in beverages, the specification with no Duan smearing factor showed a larger increase in purchases, but the specification with generalized estimating equations showed a decline in not-high-in beverage purchases, so our main findings are in the range of these two specifications. Our preferred model is fixed effect with Duan smearing factors because it addresses the nonnormal distribution of the error terms, and the results are in the range of these two alternative models while providing more conservative estimates for high-in beverages.

Sensitivity analyses on the volume of beverages purchased produced results consistent with the main model ([S9 Table](#pmed.1003015.s009){ref-type="supplementary-material"}). Models adjusting for prices found higher postregulation increases in volume of not-high-in beverage purchases, but similar decreases in volume of both high-in and total beverage purchases. Analyses using the preperiod NFP linkage for the 6-month period between July 1, 2016, and December 31, 2016, found smaller declines in volume of high-in beverage purchases in both absolute (−16.9 mL/capita/day, 95% CI −17.1 to −16.8; *p* \< 0.001) and relative terms (−17.4%, 95% CI −17.5% to −17.3%). Models taking into account the longer preperiod (from 2014) and including a tax dummy for the October 2014 SSB tax modification found larger absolute (−30.0 mL/capita/day, 95% CI −30.1 to −29.9; *p* \< 0.001) and relative (−29.2%, 95% CI −29.3% to −29.2%) declines in volume of high-in beverage purchases.

Sensitivity analyses that stratified the models by tertile of household assets index can be found in [S4 Fig](#pmed.1003015.s013){ref-type="supplementary-material"}. Results differed partially from those observed when stratifying by education. Unlike low-education households, those in the lowest tertile of assets index showed a greater decline in absolute volume of high-in beverage purchases (−28.2 mL/capita/day, 95% CI −28.5 to −27.9; *p* \< 0.001) compared to households in the top tertile of assets index (−24.5 mL/capita/day, 95% CI −24.7 to −24.3; *p* \< 0.001). Like high-education households, those in the highest tertile of assets index showed a greater relative decline (−26.1%, 95% CI −26.2% to −26.0%) than households in the lowest tertile of assets index (−22.2%, 95% CI −22.3% to −22.1%). Households in the middle tertile had the smallest declines in volume of high-in beverage purchases in both absolute and relative terms.

Discussion {#sec023}
==========

The main finding of this study is that following implementation of the Chilean Law of Food Labeling and Advertising, household purchases of high-in beverages decreased 23.7% compared to the counterfactual, or what would have been expected based on preregulation trends. This translates into roughly 12 fewer calories and 2.7 fewer grams of sugar purchased per capita per day from high-in beverages. In contrast, volume of not-high-in beverage purchases increased by 4.8%, translating into 5.7 calories and 0.7 grams of sugar purchased per capita per day. This increase in not-high-in beverage purchases was not commensurate with the decrease in high-in beverage purchases. Indeed, there was a relative decline in total beverage purchases of 2.2% for volume, translating into a decrease of 7.4 calories and 1.7 g sugar of beverage purchases per capita per day. Among beverage subcategories, we found the largest reductions in consumption among high-in fruit drinks and dairy (42.9% and 28.8% percentage point reductions in the percent of households consuming these drinks, respectively).

Households with higher educational attainment had larger relative reductions in high-in beverage purchases than did households with less education. This may be because higher-educated household had lower baseline purchases of high-in beverage purchases than did low-educated households, creating a larger relative difference compared to the counterfactual in the postregulation period. However, the interaction term for education, regulation period, and time was also statistically significant for high-educated households versus low-educated households, suggesting higher-education households had a differential response to the regulation. This is consistent with previous literature finding that higher-educated individuals have higher levels of health literacy \[[@pmed.1003015.ref054]\] and may be more likely to use and understand nutrition labels \[[@pmed.1003015.ref055]--[@pmed.1003015.ref058]\]. Absolute reductions were similar in amount between highest- and lowest-educated households. These results may be concerning, since similar absolute reductions in high-in beverage purchases could lead to an increase in the relative differences in SSB consumption between high- and low-educated households, since low-educated groups had higher baseline consumption levels. This potential for an increasing disparity in SSB consumption is problematic considering that in Chile, individuals with less education already have higher levels of obesity \[[@pmed.1003015.ref059],[@pmed.1003015.ref060]\]. Future research will be needed to further understand whether these policies increase or reduce disparities in diet and health by educational attainment. Additional research will also be needed to examine changes in purchases among those who were top consumers of high-in beverages prior to the regulation, since previous SSB policy evaluations have found top consumers typically reduce purchases more than do low consumers \[[@pmed.1003015.ref047]\].

Although the Chilean law included a package of policies implemented at once, it is interesting to consider how the effects observed here compare to results from evaluations of previous Latin American policies focused on SSB reduction, primarily SSB taxes. Compared to their respective counterfactuals, SSB purchases in Chile declined by 23.7% under the Chilean Law of Food Labeling and Advertising (22.8 mL/capita/day). This relative decline is larger than or similar to previous estimates of reductions in SSBs after Chile's earlier SSB tax modification, which raised the tax on high-sugar drinks from 13% to 18% (one SSB tax evaluation study found a 3.4% decline in SSB purchases \[[@pmed.1003015.ref030]\], whereas a second study found a 21.6% decline \[[@pmed.1003015.ref061]\], though both studies found only an approximately 2% increase on paid price for SSBs, making the latter study's large drop in SSBs unlikely based on price elasticity \[[@pmed.1003015.ref062]\]). The absolute and relative decline in SSB purchases after the Chilean Law of Food Labeling and Advertising was also larger than the declines in SSB purchases observed after Mexico's 10% SSB tax, which was associated with an average 7.6% posttax reduction in SSB purchases (12 mL/capita/day) 2 years after the tax \[[@pmed.1003015.ref017]\]. The observed decline in the present study was also larger than the average decline in SSB purchases after a 10% SSB tax, as estimated by a recent meta-analysis \[[@pmed.1003015.ref063]\].

On the other hand, it is unclear how these results will compare to larger SSB taxes, which, as expected, are likely to have larger effects on purchases, as indicatd by recent evaluations of Philadelphia's beverage tax \[[@pmed.1003015.ref064]\]. More generally, it is complex to draw comparisons between SSB policies implemented in different settings and times and with different study designs, at least in part because these real-world evaluations rely on pre-post observational data and cannot assess causality. Based on available evidence, however, the changes in SSB purchases relative to counterfactual estimates following implementation of Chile's Law of Food Labeling and Advertising are larger than those observed after most Latin American SSB taxes. The relatively large effect observed here is not surprising, given that the Chilean Law of Food Labeling and Advertising included a package of policies targeting different aspects of consumer behavior, whereas most SSB taxes have been implemented as standalone policies. These results suggest that policymakers and public health advocates should consider a package of policies, including FOP warning labels, marketing restrictions, and school sales policies alongside SSB taxes as important strategies for reducing population-level purchase and intake of SSBs.

Although there have not yet been any evaluations of a real-world mandatory FOP warning-label policy, the estimated decline in high-in beverage purchases relative to the counterfactual is also larger than what might be expected based on recent meta-analyses of food labeling policies. For example, Shanguan and colleagues found that labeling was only associated with a 6.6% decline in calories purchased \[[@pmed.1003015.ref065]\], whereas Crockett and colleagues largely found a null effect of labeling interventions across outcomes \[[@pmed.1003015.ref027]\]. However, these studies examined a diverse array of labeling systems, including voluntary FOP systems, such as the Guideline Daily Amounts (GDAs) and traffic-light labeling, as well as back-of-package nutritional labeling, in a variety of settings (stores, schools, vending machines, cafeterias, and restaurants). Recent experimental studies in Latin American populations have found that the style of FOP warning labels used in Chile is easier to understand and more likely to discourage consumption than other types of FOP labels, such as the GDAs or traffic-light labels \[[@pmed.1003015.ref066]--[@pmed.1003015.ref068]\]. In addition, a recent US-based randomized experiment found that nutrient-based FOP warning labels reduced SSB purchases by 31 calories per interaction, or 22% \[[@pmed.1003015.ref069]\], which is similar to the effect observed in this study.

In addition, along with the warning-label component, the Chilean law includes marketing and school sales restrictions, which likely contributed to the larger effect found here. A recent evaluation found that schools reduced the percent of products that were high-in from 90.4% before implementation to 15.0% after implementation \[[@pmed.1003015.ref070]\], which may have influenced children's preferences and the subsequent household purchase made by their parents. Indeed, a separate qualitative study found that schools were a key promotor of behavioral change relating to the labeling component of the law: children learned about the regulation at school and then encouraged their mothers to purchase nonlabeled foods and beverages for them \[[@pmed.1003015.ref071]\]. In addition, an evaluation of Chile's food marketing regulations found that children and adolescents' exposure to unhealthy food and beverage advertisements on television was reduced by 44% and 58%, respectively, in the year following implementation of the law \[[@pmed.1003015.ref072]\], although it is unclear how reductions in exposure translate to changes in purchasing behavior. Another consideration is that as these regulations were being enforced, the Chilean Ministry of Health launched a mass media campaign to inform consumers about the meaning of the warning labels and encourage them to choose products with fewer labels, potentially further strengthening the effect of the law. Unfortunately, we are unable to disentangle the effects of each of the labeling, marketing, and school sales ban components of the law, here. Future research will be needed to understand the individual impact of each policy as well as how the policies and media coverage and promotion interacted to lead to reductions in high-in beverage purchases.

This study has important limitations. As previously mentioned, the main limitation is that this is an observational pre-post study and thus unable to assess the causal impact of the law or disentangle the drivers of the observed reductions in high-in beverage purchases. The reductions in purchases of high-in SSBs found in this study likely reflect a combination of changes in consumer behavior (e.g., consumers choosing not to purchase a high-in beverage) and industry behavior (e.g., product reformulations that could shift products from high-in to not-high-in status, or other industry actions such as changes in marketing strategy or pricing changes). For example, after the policy, we observed that there was a large decline in the percent of households who purchased high-in fruit drinks and a sizeable increase in the percent who purchased high-in fruit drinks after the policy. Currently, it is not clear whether this is because consumers were choosing to switch from high-in fruit drinks to not-high-in fruit drinks or whether they purchased the same or similar beverages, but these beverages were reformulated under the nutrient thresholds and thus no longer subject to the regulation (and thus no longer classified as "high-in"). Future research to understand the mechanisms of how this regulation changed beverage purchases will be important for designing future policies. For example, regulations intended to incentivize reformulation may be quite different than those designed to influence consumer behavior.

It is also important to note how different analytical approaches may have affected results. For example, the difference between observed and expected purchase amount depends on a comparison of the slope of the preregulation trend with the slope of the postregulation trend. Underestimating the preregulation trend could, therefore, lead to an underestimated counterfactual and, ultimately, an overestimation of the difference between slopes in the postregulation period.

Similarly, the specified length of the preregulation period can affect the preregulation trend, thereby affecting the counterfactual comparison. One potential limitation of this study is that we have a relatively short preregulation time period (January 2015 to June 2016). Notably, results were consistent even in sensitivity analyses in which we expanded the preregulation period to January 2014 to account for Chile's October 2014 SSB tax modification (i.e., we account for the fact that there may have been a steeper preregulation trend between October 2014 and June 2016 due to the change in SSB tax). It will be important for future policy research to consider the effects of including different preregulation time periods on results, especially in countries where multiple policies are implemented over time.

Our analyses also included only a year and a half of postimplementation data. The results show a significant reduction in purchases of high-in beverages immediately after the regulation was implemented, with no change in the postregulation trend (i.e., there was no attenuation or increase in effect over time). These results could be due to the relatively short postimplementation period. Over time, we might expect to see an increase in the effect as social norms shift and as people learn more about the health harms of high-in beverages. Alternately, we could see the effect decrease if consumers grow accustomed to the warning labels and the "novelty effect" wears off, as has been shown in tobacco labeling \[[@pmed.1003015.ref073]\]. Moreover, the nutrient thresholds became stricter (i.e., more products became high-in and were subject to the warning label and marketing and school restrictions) in June of 2018. Longer-term analyses will be needed to understand the effects of the law as it gets stricter over time, as well as to understand whether purchases of high-in beverages remain low, continue to decline, or rebound over time.

Another limitation is that our work evaluates changes in high-in beverages without regard for which specific nutrient(s) exceeded thresholds (sugar, saturated fat, sodium, and/or calories). Although for beverages, the vast majority were regulated as high-in because of excess sugar content, future research should explore potential differences in purchasing according to specific high-in nutrient or the number of high-in nutrients, since the more nutrients that are regulated, the more warning labels a product will carry.

The study also has several limitations relating to generalizability. For example, the sample is limited to only urban-dwelling households. However, 90% of Chile's population is urban, suggesting that the results are generalizable to most Chilean households \[[@pmed.1003015.ref041]\]. Regardless, it will be important for future research to understand whether policies affect purchases differently in rural areas versus urban cities, as well as by geographical region. Similarly, the study only includes beverage purchases made at stores, including supermarkets, grocery stores, and convenience stores. Store-bought beverages account for roughly 88% of nonalcoholic beverage sales in Chile, and this proportion has remained consistent before and after the regulation \[[@pmed.1003015.ref074]\]. However, future research should examine whether there have been any changes in the type or quantity of beverages purchased from other sources (e.g., in restaurants, schools, or homemade), as well as whether actual dietary quality of beverages across sources has changed. For example, if the healthfulness of store-bought beverages improved, but the healthfulness of restaurant beverages declined, this could offset improvements in diet quality and blunt any subsequent health gains. Additional work will also be needed to understand changes in food purchases and food intake after these regulations, as well as how consumers potentially substituted between foods and beverages. Examining the effects of these regulations across total purchases and diet will be essential for understanding whether this package of policies is likely to achieve its goal of obesity prevention.

It is also important to note that this study evaluated beverage purchases only after the first phase of implementation in 2016. In July 2018, the second phase was implemented, including stricter nutrient thresholds as well as a new marketing law that restricts from 6:00 AM to 10:00 PM all television and cinema advertising for high-in foods and beverages and requires health promotion messages to be included when products are advertised outside those hours. This 6:00 AM--10:00 PM restriction is considered to be the most comprehensive marketing restriction on unhealthy foods and beverages implemented to date \[[@pmed.1003015.ref028]\]. In July 2019, the third and final phase of the regulation was implemented with the most stringent nutrient thresholds. Future research on both foods and beverages will be needed examine the impact of the Chilean regulation following implementation of the new marketing law and the final set of nutritional thresholds in 2019 \[[@pmed.1003015.ref031]\] and whether the effects of these regulations wear off or accelerate over time.

This evaluation has important policy implications. Three other countries (Israel, Uruguay, and Peru) \[[@pmed.1003015.ref075]\] have adopted FOP mandatory warning labels, and Mexico and Brazil are among countries considering warning labels and are in consultative stages. However, the majority of these adopted or proposed regulations focus on warning labels only and do not include other components of the Chilean regulation, such as the restrictions on marketing or school sales and promotions. Multicountry evaluations may be helpful to disentangle the effects of each of these regulations, as well as to understand how the regulations work in different populations.

In conclusion, this study describes changes in SSB purchases following introduction of Chile's policy package that includes FOP warning labels, child-directed marketing restrictions, and restrictions on sales in schools of unhealthy foods and beverages. After implementation of this policy package, purchases of high-in beverages declined by nearly 24%; these reductions are larger than those observed after standalone SSB reduction policies in Latin America, such as taxes. Future research should examine the differential effects of the labeling, marketing, and school policies; whether changes in purchases were driven by industry or consumer behavior; and the effects of these policies on SSB intake.
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Comments from the reviewers:

Reviewer \#1: The stated purpose of this manuscript is to evaluate the impact of Chile\'s labeling and advertising law on household beverage purchases. One major concern is that the policy(s) of interest change throughout the manuscript and co-occurring policies/practices in Chile make it impossible to tease out the impact of the front-of-package warning label on household purchases of SSBs. With respect to the changing policy of focus for the evaluation, the paper title and abstract point only to the association between the Chilean front-of-pack labeling policy and household SSB purchases while the intro and discussion point to the association between both the Chilean labeling and marketing regulations and household SSB purchases. With respect to co-occurring policies/practices, the introduction also mentions a third policy in Chile - restrictions on the promotion and sales of certain foods and beverages in schools which went into effect at the same time as the marketing regulation (June 2016). Based on the study they cite, it is probable that this school policy may also have effected household SSB purchases. In addition, the discussion mentions a mass media campaign by the Ministry of Heath to inform customers about the meaning of the warning labels and encouraging them to choose products with fewer labels. The combination of the observational study design and co-occurring policies/practices makes it very hard (if not impossible) to interpret the observed decline in SSB purchases. And the fact that the authors observe a much bigger impact than a recent meta analyses on food labeling (although it was not just FOP) suggests this is not a pure FOP effect (which the authors acknowledge may be the case).

To address the two concerns described above, the paper should be recast to clearly focus on all the co-occurring policies/practices in Chile, not just FOP. And since the UNC team has considerable data from various countries in South America, it would be ideal to include data from a comparable control country without the same suite of policies as Chile and conduct a natural experiment with a difference-in-differences approach. This would be much more robust analytical approach, and while it could not tease apart the impact of the various policies/practices on household SSB purchases, it could answer the question of whether the observed changes in household SSB purchases in Chile are due to the combination of policies/practices or just secular trends in the region.

Another major concern is the time frame of the pre and post data. The pre period is from January 2015 to June of 2016 and the post period is from July 2016 to December 2017. While the authors do adjust for month to account for seasonality, the pre and post periods are not overlapping in terms of calendar months. This is a big issue since lots of literature has shown that people purchase beverages differently depending on the time of year. And beverage purchases may be particularly sensitive to weather, month, holidays etc. Ideally, the authors should have one full year prior and one full year post. If that is not possible, the authors should use the same months for the post period (January 2016 to June of 2017). Without making this change, it is not possible to interpret the observed decline.

A more minor point is that since their Kantar panel only includes store bought beverages and not purchases outside the home such as at restaurants or street vendors, it would be helpful to add a sentence to the introduction about what fraction of beverage sales are store bought. If it is small, that should be included as a limitation.

Another minor point is that the authors cite a paper under review. I would remove this cite and the associated evidence until it is in press.

Reviewer \#2: This is a good attempt to evaluate an complex, but internationally important, public health intervention. Further justification of the approach taken and clearer conceptualisation of the intervention and its potential impacts would be valuable.

Substantive conceptual comments

The conceptualisation of exactly what the intervention of interest is is inconsistent. Only warning labels are mentioned in the title and abstract. Concurrent marketing restrictions are mentioned in the introduction. A concurrent mass media education campaign is mentioned in the discussion. In some places the results are attributed simply to the warning labels, in other places the marketing restrictions are also recognised as playing some role, in one place it\'s acknowledged that it\'s impossible to \"differentiate effects\" of the intervention components. I think it would be more honest to provide a much clearer and consistent conceptualisation of the intervention as the combination of the simultaneous introduction of warning labels and marketing restrictions alongside mass media education. This will require some re-pitching of the introduction; refinement of the text throughout; and further consideration of what the relevant comparator literature is in the discussion. It is not surprising to me that a multi-component strategy introduced in the context of a pre-existing SSB tax has a greater effect than a tax alone - and the need for multi-component strategies, rather than single \'magic bullet\' interventions, is an incredibly important policy message.

The rationale for focusing on beverage purchasing specifically, rather than purchasing of all labelled food, is not clear to me. Whilst SSB consumption has clearly been a particular area of recent policy focus, I\'m not sure we should uncritically privilege it as the main public health problem of our time. Perhaps some evidence to indicate the PAF of eg obesity or diabetes for SSBs might provide some justification? Do you have comparable data for food that could be included? If so, I\'d prefer to see that here so we can get a more comprehensive picture.

An implicit rationale for focusing on beverage consumption appears to be the ability to contrast effects of taxes against the current suite of interventions (as per Fig 3). I think this is an unfair comparison in this context. The current interventions were introduced in the context of an existing tax - this is not an either/or situation. It is entirely feasible that the interventions studied here would not have had the same effect without the tax also being in place.

The exclusion of out-of-home purchases seems a major limitation that little attention is paid to. Are there other sources of data that you could use to study this? Can you say a little more in the discussion about what biases this might impose?

I\'m not sure why average purchases across the whole post intervention period vs counterfactual is the most appropriate way of expressing impact. I would have thought this mean is heavily influence by the length of time for which post-intervention data available. I wonder if a more appropriate approach would be to choose a policy relevant \'endpoint\' for the study and estimate change between observed and counterfactual at that point. Perhaps immediately prior to implementation of next regulations would be sensible - which is the most sustained impact of the current intervention that can be measured before an additional intervention is added.

Other comments

The manuscript includes numerous typos, repeated words, missing \'minus\' signs, trailing phrases, and even one \"ref\" where a reference seems yet to be added.

I\'m not sure that \"fiscal policies have been the major approach for reducing \[SSB\] intake\". They have been a big focus recently. But prior to that there were e.g. educational campaigns related to dental health and sugary drink consumption; and even now I think governments might say they are doing quite a lot to reduce consumption that isn\'t taxes - education, labelling, supporting reformulation, encouraging reduce package size etc.

I\'m also not sure that \"front of package warning labels, marketing restrictions, and bans\" have been \"more recently\" discussed. I think these have been considered at least as long as fiscal policies.

Whilst I agree that \"education may influence purchasing decisions by affecting how well an individual is able to understand the information communicated in nutrition messages\", I think a major additional issue here is that education is likely to be associated with greater (financial and non-financial) resources that allow individuals to enact the changes encouraged.

If I understand supplemental fig 2 correctly, the guidance on the intervention assessed here was published in June 2015 - six months after the pre-data phase began. It seems possible that this publication represented a further \'intervention\' with the potential to change both industry and consumer behaviour. From the authors knowledge of the context, is this feasible? If so, how does the presence of this additional intervention in the pre-period impact interpretation?

I don\'t understand why \"a team of Spanish-speaking nutritionist research assistants\" were needed to code products as label-able or not. Wasn\'t this an automated calculation done using NFP data?

It would be helpful to label the components of the analysis (descriptive/unadjusted, fixed effects/adjusted) similarly in the methods and results to allow readers to easily join the two up.

If I understand correctly, your data is per household per week, yet the results refer to per capita per day. It wold be helpful to know exactly how you get from one to another and any limitations of this (e.g. is data on household size accurate and is it fair to assume equal distribution of purchases).

The differential results by education appear to be descriptive only. I notice that confidence intervals don\'t overlap, but wondered if a formal test for interaction would be valuable.

Two evaluations of the impact of the Chile SSB tax were published simultaneously. However, only one is referred to in the comparison of effects.

I think the asterisks in supplemental table 5 title and table body may refer to different things, but the footnotes don\'t make this clear. Also not clear what is presented in square brackets in this table. Please check through all tables for similar problems.

In addition to the unadjusted trend plots in supplemental fig 3, I would like to see conventional ITS figures plotting adjusted pre and post trends alongside post counterfactual. This would allow readers to helpfully visualise eg acceleration of pre-existing trends.

I think it is incorrect to conclude that \"similar absolute changes by household education suggests that this regulation is not likely to increase disparities\". If inequalities are measured on a relative scale then similar absolute reductions can result in increased relative differences.

It\'s mentioned in the discussion that you cannot disentangle consumer vs industry changes. However, I think from the NFP data you have, you could provide some insight into the extent of reformulation. Could that be included here?

I don\'t see how the interpretation that the \"policies accelerated pre-existing trends\" is \"another interpretation\". Surely the only interpretation is there were pre-existing trends, they were steeper post intervention.

Reviewer \#3: This is an important study that evaluates the effect of a multitude of labeling and marketing policies on beverage purchases in Chile. These policies are unique and were the first of their kind to be implemented. The dataset used seems comprehensive and adequate for the this evaluation, and the methods used are the ideal for this type of analysis. Authors explored an extensive range of sensitivity analyses to determine if results were robust to different model specifications and data manipulations, and they preregistered their analytic plan. Weaknesses are clearly articulated and common with this type of observational research. Few suggestions and questions:

1\) The authors cite a publication that further describes the database used for their evaluation. It might be helpful to get some basic information on that source into this manuscript (understanding word limitations are a challenge). For example, it would be helpful to know the survey response rate and whether there were specific restrictions/exclusions for data collection.

2\) Was any information on policy compliance available from the data collectors who evaluated products in homes? I would imagine that some of the products that met warning label thresholds weren\'t labeled, and these products might have systematically differed from those that were labeled. This should have biased results to the null but would be interesting to see nonetheless, if it was available.

3\) In an interrupted time series analysis, investigators examine the post-intervention level change as well as the trend change (effect size from the indicator of pre v. post as well as the interaction term with time). Those results seem to be in Supp Table 5, and if my interpretation is correct, there is a pre-post level change but no real trend difference pre vs. post. Is that correct? Could be highlighted in manuscript, esp bc suggests no clear attenuation of effect over time (though still only a short period of post-implementation data).

4\) Authors display in Table 1 that the survey responders were different pre vs. post. Any sense of why this might have happened? Stratifying the results by education and assets, as the authors do, certainly helps this, but it does seem peculiar to have such an increase in the education level post-regulation. Was there a requirement, for this study, that panel members had some data in the pre and post period, or was all data included regardless of whether participants were in both periods?

5\) This is really a style preference, but some of the top line results presented are relative instead of absolute changes. I think the absolute changes might be more helpful (might just require switching out the figures and presentation of result to show the absolute differences as the main outcome). The comparison with other policy effects is very useful and puts the small changes here into context - small but important at the population level and larger than what was seen from the SSB tax in Mexico.

6\) The differences reported are at the population level. This obviously includes some households that had no purchasing of labeled beverages. Would be helpful to also see what the changes were in households that had pre-implementation purchases of labeled beverages..

7\) Supplemental Figure 3 shows an uncharacteristic spike in ml purchased in Jan 2017. Any thoughts about what that represents? Could be a New Year\'s effect but don\'t really see in prior years, during the pre-reg period.

8\) The absolute changes in % of consumers of fruit drinks and dairy pre vs. post are stunning. Could be highlighted in the manuscript more.

Jason Block

Reviewer \#4: See attachment

Michael Dewey

Any attachments provided with reviews can be seen via the following link:

\[LINK\]

###### 

Submitted filename: taillie.pdf

###### 

Click here for additional data file.

10.1371/journal.pmed.1003015.r002
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26 Nov 2019

Dear Dr. Taillie,

Thank you very much for re-submitting your manuscript \"An evaluation of Chile's Law of Food Labeling and Advertising on sugar-sweetened beverage purchases: a before and after study\" (PMEDICINE-D-19-01988R1) for review by PLOS Medicine.

I have discussed the paper with my colleagues and the academic editor and it was also seen again by 4 reviewers. I am pleased to say that provided the remaining editorial and production issues are dealt with we are planning to accept the paper for publication in the journal.

The remaining issues that need to be addressed are listed at the end of this email. Any accompanying reviewer attachments can be seen via the link below. Please take these into account before resubmitting your manuscript:

\[LINK\]

Our publications team (<plosmedicine@plos.org>) will be in touch shortly about the production requirements for your paper, and the link and deadline for resubmission. DO NOT RESUBMIT BEFORE YOU\'VE RECEIVED THE PRODUCTION REQUIREMENTS.

\*\*\*Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.\*\*\*

In revising the manuscript for further consideration here, please ensure you address the specific points made by each reviewer and the editors. In your rebuttal letter you should indicate your response to the reviewers\' and editors\' comments and the changes you have made in the manuscript. Please submit a clean version of the paper as the main article file. A version with changes marked must also be uploaded as a marked up manuscript file.

Please also check the guidelines for revised papers at <http://journals.plos.org/plosmedicine/s/revising-your-manuscript> for any that apply to your paper. If you haven\'t already, we ask that you provide a short, non-technical Author Summary of your research to make findings accessible to a wide audience that includes both scientists and non-scientists. The Author Summary should immediately follow the Abstract in your revised manuscript. This text is subject to editorial change and should be distinct from the scientific abstract.

We expect to receive your revised manuscript within 1 week. Please email us (<plosmedicine@plos.org>) if you have any questions or concerns.

We ask every co-author listed on the manuscript to fill in a contributing author statement. If any of the co-authors have not filled in the statement, we will remind them to do so when the paper is revised. If all statements are not completed in a timely fashion this could hold up the re-review process. Should there be a problem getting one of your co-authors to fill in a statement we will be in contact. YOU MUST NOT ADD OR REMOVE AUTHORS UNLESS YOU HAVE ALERTED THE EDITOR HANDLING THE MANUSCRIPT TO THE CHANGE AND THEY SPECIFICALLY HAVE AGREED TO IT.

Please ensure that the paper adheres to the PLOS Data Availability Policy (see <http://journals.plos.org/plosmedicine/s/data-availability>), which requires that all data underlying the study\'s findings be provided in a repository or as Supporting Information. For data residing with a third party, authors are required to provide instructions with contact information for obtaining the data. PLOS journals do not allow statements supported by \"data not shown\" or \"unpublished results.\" For such statements, authors must provide supporting data or cite public sources that include it.

If you have any questions in the meantime, please contact me or the journal staff on <plosmedicine@plos.org>.

We look forward to receiving the revised manuscript by Dec 03 2019 11:59PM.

Sincerely,

Adya Misra, PhD

Senior Editor

PLOS Medicine

[plosmedicine.org](http://plosmedicine.org)

\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\--

Requests from Editors:

Title- please add dates of study to the title

We appreciate your position on p-values and how they are often misconstrued to mean scientific significance rather than statistical. However, to allow comparison between studies and in order for the broad readership of PLOS Medicine to understand your findings, we ask that you provide p-values along with 95% confidence intervals.

DAS- please clarify if an accession number is required when requesting the study data

Please include full stop after the square brackets

Line 321-322 contains a reference to "results not shown". Please note that in order to adhere to PLOS data policy, we require all the underlying data in the article to be provided within the main text or SI files.

Discussion needs to be toned down, especially the sentence "household purchases of high-in beverages decreased 23.7% beyond what would have been expected had the regulation not been enacted". Please include details to provide context such "according to our counterfactual model..." or similar

Line 470 onwards needs to be toned down, as a direct cause and effect cannot be determined from this study design

Line 585- please avoid assertions of primacy

Comments from Reviewers:

Reviewer \#1: The authors have done a good job of responding to the reviewer comments. The one area where I am not convinced is related to the time frame of the pre/post periods. And I think this is a significant issue. This was was raised by reviewer \#1. The authors use 18 months before and 18 months after which means that the pre and post periods are non-overlapping in terms of calendar months. SSB purchases are very seasonal, so I agree that it would be best to use the exact same time frame before and after. Identical months in the pre and post period is critical for accounting for some of the big limitations that are inherent in natural experiments. The authors say that they ran their model with different window time periods to test the robustness of the results. And they say that when they used the 12m time frame, the results jump around. I am guessing the positive results when they use the month dummies is in large part due to the spike in Jan 2017 (which Reviewer \#3 pointed out and it sounds like the Jan spike is actually a February spike due to miss-coding). I wonder if it might be worth digging into the data miss-classification issue in January/February to see if there are other issues there. At the very least, the authors need to present the sensitivity analyses using 12m rather than just describe the results in words without specific point estimates. In terms of the best model for the main analysis, I would suggest using 12m before and 12m after with the month dummies.

Reviewer \#2: Thanks for responding to my previous comments. I don\'t have any further comments.

Reviewer \#3: Jason Block

Really important work! Manuscript is improved with the recommended changes, and authors have been very responsive. A few small suggestions:

Page 32, line 88 - I think there might be different descriptions of sugar content to be classified as \"high in\" - is it 22.5 or 6g? Maybe there is some switching of the requirements for food and liquids per Table S1?

Page 37, line 298 - There is some presentation of the decline in consumers of high in beverages, but this seems to only be available as unadjusted data? Why not show for the adjusted results as well. I might also present in the text the % of consumers of high in beverages before and after (you show change only), like you do for the not high in.

In Table 1, it might be helpful to present the mean consumption per capita during the pre period, as you do in S6 and S7 - this is really useful info. I only say this bc your relative change post regulation is large, but the absolute change in ml is small. Might allow for better comparison with other countries, such as US, where consumption is very high.

As for S6, can the decline in fruit drink consumers be real? I know fruit drink consumption is low overall, but the % of consumers is still reasonable high, and the drop off is dramatic. Might be worth at least some comment in discussion.

Page 41, Figure 3 - Might be worth a mention somewhere that the Chilean and Mexico taxes were pretty small and that larger taxes (Philly, for example) are showing large relative changes in consumption, as would be expected. You mention that the Chilean tax was small but not the Mexico tax. Could even be a footnote in this figure, to put in context of other taxes, or you could mention in the discussion.

Reviewer \#4: The authors have addressed my detailed comments.

One issue remains. I suggested that since the results were surprising in the extent of the reduction found for SSB that light might be thrown on this by examining the effect of the labels other than high in sugar. I appreciate this would mean looking at other food groups than SSB. I did not find the authors\' rebuttal too convincing on this point but I feel this is not purely a statistical question so I am happy for the editorial team to decide.

For what it is worth I sympathise with the authors\' reluctance to add p-values everywhere in addition to the confidecne intervals.

Michael Dewey

Any attachments provided with reviews can be seen via the following link:

\[LINK\]

10.1371/journal.pmed.1003015.r004
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7 Jan 2020

Dear Dr. Taillie,

On behalf of my colleagues and the academic editor, Dr. Sanjay Basu, I am delighted to inform you that your manuscript entitled \"An evaluation of Chile's Law of Food Labeling and Advertising on sugar-sweetened beverage purchases from 2015 to 2017: A before and after study\" (PMEDICINE-D-19-01988R2) has been accepted for publication in PLOS Medicine.

PRODUCTION PROCESS

Before publication you will see the copyedited word document (in around 1-2 weeks from now) and a PDF galley proof shortly after that. The copyeditor will be in touch shortly before sending you the copyedited Word document. We will make some revisions at the copyediting stage to conform to our general style, and for clarification. When you receive this version you should check and revise it very carefully, including figures, tables, references, and supporting information, because corrections at the next stage (proofs) will be strictly limited to (1) errors in author names or affiliations, (2) errors of scientific fact that would cause misunderstandings to readers, and (3) printer\'s (introduced) errors.

If you are likely to be away when either this document or the proof is sent, please ensure we have contact information of a second person, as we will need you to respond quickly at each point.

PRESS

A selection of our articles each week are press released by the journal. You will be contacted nearer the time if we are press releasing your article in order to approve the content and check the contact information for journalists is correct. If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact.

PROFILE INFORMATION

Now that your manuscript has been accepted, please log into EM and update your profile. Go to <https://www.editorialmanager.com/pmedicine>, log in, and click on the \"Update My Information\" link at the top of the page. Please update your user information to ensure an efficient production and billing process.

Thank you again for submitting the manuscript to PLOS Medicine. We look forward to publishing it.

Best wishes,

Adya Misra, PhD

Senior Editor

PLOS Medicine

[plosmedicine.org](http://plosmedicine.org)

[^1]: We have read and understood PLOS Medicine's policy on declaration of interests and LST, MR, CC, and AC declare that they have no competing interests. BP is on the editorial board and otherwise has no competing interests.
